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REGENERATION OF AN IONIC LIQUID
CATALYST USING METAL COMPLEXES

BACKGROUND OF THE INVENTION

Commercially, the alkylation of isoparaffins is catalyzed
by acids such as sulfuric acid and hydrofluoric acid. Conjunct
polymer (acid soluble oils, (ASO) also known as red oil)
forms as a byproduct of the alkylation reaction, as well as
other hydrocarbon reactions. When too much conjunct poly-
mer is present, the acid catalyst loses its effectiveness. The
acid must be replaced with stronger acid, or the conjunct
polymer must be removed in order to reactivate the catalyst.
With sulfuric acid as the catalyst, the ASO is burned, and with
hydrofluoric acid, the hydrofluoric acid is distilled away from
the ASO. Sulfuric acid and hydrofluoric acid are hazardous
and corrosive, and their use in industrial processes requires a
variety of environmental controls.

There has been a move to replace the use of sulfuric acid
and hydrofluoric acid with more environmentally friendly
materials.

One such process utilizes acidic ionic liquids as catalysts in
hydrocarbon conversion processes, such as alkylation,
isomerization, disproportionation, and oligomerization. Con-
junct polymers are byproducts of the hydrocarbon reaction
using ionic liquids, and they form a complex with the ionic
liquid catalyst. The ionic liquid catalyst loses its effectiveness
over time as the amount of conjunct polymer increases. It
must then either be replaced or regenerated. Because ionic
liquids are typically fairly expensive, processes for regener-
ating the ionic liquid catalysts are needed.

A variety of methods for regenerating ionic liquids have
been developed. The ionic liquid containing the conjunct
polymer could be contacted with a reducing metal (e.g., Al),
an inert hydrocarbon (e.g., hexane), and hydrogen and heated
to about 100° C. The conjunct polymer will be transferred to
the hydrocarbon phase, allowing for the conjunct polymer to
be removed from the ionic liquid phase. See e.g., U.S. Pat. No.
7,651,970, U.S. Pat. No. 7,825,055; U.S. Pat. No. 7,956,002;
and U.S. Pat. No. 7,732,363.

Another method involves contacting the ionic liquid con-
taining the conjunct polymer with a reducing metal (e.g., Al)
in the presence of an inert hydrocarbon (e.g. hexane), but in
the absence of added hydrogen, and heating to about 100° C.
The conjunct polymer will be transferred to the hydrocarbon
phase, allowing for the conjunct polymer to be removed from
the ionic liquid phase. See e.g., U.S. Pat. No. 7,674,739.

Still another method of regenerating the ionic liquid
involves contacting the ionic liquid containing the conjunct
polymer with a reducing metal (e.g., Al), HCI, and an inert
hydrocarbon (e.g. hexane), and heating to about 100° C. The
conjunct polymer will be transferred to the hydrocarbon
phase, allowing for the conjunct polymer to be removed from
the ionic liquid phase. See e.g., U.S. Pat. No. 7,727,925.

The ionic liquid can be regenerated by adding a homoge-
neous metal hydrogenation catalyst (e.g., (PPh,);RhCl) to the
ionic liquid containing the conjunct polymer and an inert
hydrocarbon (e.g. hexane). Hydrogen would be introduced,
and the conjunct polymer would be reduced and transferred to
the hydrocarbon layer. See e.g., U.S. Pat. No. 7,678,727.

Another method for regenerating the ionic liquid involves
adding HCI, isobutane, and an inert hydrocarbon to the ionic
liquid containing the conjunct polymer and heating to about
100° C. The conjunct polymer would react to form an
uncharged complex, which would transfer to the hydrocarbon
phase. This reaction increases the carbon count of the con-
junct polymer. See e.g., U.S. Pat. No. 7,674,740.
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The ionic liquid could also be regenerated by adding a
supported metal hydrogenation catalyst (e.g. Pd/C) to the
ionic liquid containing the conjunct polymer and an inert
hydrocarbon (e.g. hexane). Hydrogen would be introduced
and the conjunct polymer would be reduced and transferred to
the hydrocarbon layer. See e.g., U.S. Pat. No. 7,691,771.

Still another method involves adding a basic reagent that
displaces the conjunct polymer and is a part of the regenera-
tion of the catalyst. The basic reagents are described as nitro-
gen-containing compounds such as amines or pyridinium
compounds. For example, a suitable substrate (e.g. pyridine)
is added to the ionic liquid containing the conjunct polymer.
After a period of time, an inert hydrocarbon would be added
to wash away the liberated conjunct polymer. The ionic liquid
precursor [1-butyl-pyridinium][Cl] would be added to the
ionic liquid (e.g. [1-butyl-pyridinium][Al,Cl,]) containing
the conjunct polymer followed by an inert hydrocarbon. After
a given time of mixing, the hydrocarbon layer would be
separated, resulting in a regenerated ionic liquid. The solid
residue would be converted to ionic liquid by adding AICI,.
The conjunct polymer is said to be a neutral species coordi-
nated to free AICl;. The conjunct polymer is liberated when
the chloride from the added ionic liquid precursor coordinates
to the AICI, to form AICl, . Seee.g., U.S. Pat. No. 7,737,067.

Another method involves adding the ionic liquid contain-
ing the conjunct polymer to a suitable substrate (e.g. pyridine)
and an electrochemical cell containing two aluminum elec-
trodes and an inert hydrocarbon. A voltage would be applied
and the current measured to determine the extent of reduction.
After a given time, the inert hydrocarbon would be separated,
resulting in a regenerated ionic liquid. See, e.g., U.S. Pat. No.
8,524,623.

All of these regeneration approaches have drawbacks.
Many of them cannot achieve above 90% conversion of the
conjunct polymer, which then builds up in the process. Of
those that can provide high levels of conversion, hydrogena-
tion of the spent ionic liquid with supported (e.g., U.S. Pat.
No. 7,691,771) and unsupported (e.g., U.S. Pat. No. 7,678,
727) hydroprocessing catalysts may result in the active cata-
lytic metals being extracted into the ionic liquid phase. Many
catalyst supports also react irreversibly with the chloroalumi-
nate anion of the ionic liquid. Although the use of metallic
aluminum for regeneration (e.g., U.S. Pat. No. 7,995,495) is
effective, it introduces undesirable solids handling issues into
the refinery. Finely divided aluminum is pyrophoric and pre-
sents safety issues in a refining environment. This approach
also results in the creation of additional AICl,, which has to be
removed from the ionic liquid phase (e.g., U.S. Pat. No.
7,754,636) to avoid building up to a molar ratio relative to the
ionic liquid cation at which solids will start coming out of
solution and cause plugging issues. Electrochemical
approaches (e.g., U.S. Pat. No. 8,524,623) are not economi-
cally viable at commercial scales.

Therefore, there remains a need for additional methods of
regenerating acidic catalysts in reactions.

SUMMARY OF THE INVENTION

One aspect of the invention involves a method for regen-
erating deactivated ionic liquid catalyst containing conjunct
polymer. In one embodiment, the method includes contacting
the deactivated ionic liquid catalyst containing the conjunct
polymer in a regeneration zone under regeneration conditions
with either: at least one metal complex having a general
formulaM1"*R, where M1 is aluminum, gallium, zinc, mag-
nesium, copper, iron, nickel, cobalt, chromium, boron,
lithium, sodium, potassium, or calcium; R has a -1 charge and
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is independently selected from substituted and unsubstituted
hydrocarbyl groups having 1-10 carbons, hydride, or halides,
and n+ is the oxidation state of M1, the conjunct polymer
reacting with the at least one metal complex having a general
formula M1”*R , resulting in a reaction mixture comprising a
first ionic liquid, at least one metal compound containing M1,
and the conjunct polymer; or at least one metal complex
having a general formula [M2+] [M3? "R easo—byy)» Where
M2 is lithium, sodium, potassium, magnesium, or calcium,
M3 is aluminum, gallium, zinc, magnesium, copper, iron,
nickel, cobalt, chromium or boron, R has a -1 charge and is
independently selected from substituted and unsubstituted
hydrocarbyl groups having 1-10 carbons, hydride, or halides,
a+ 1s the oxidation state of M2, b+ is the oxidation state of M3,
x is the number of M2 ions, y is the number of M3 ions, and
7 is the number of R groups, the conjunct polymer reacting
with the at least one metal complex having the general for-
mula [M2“+]X[M3b+yRZ] (val(s—byy TESUIING in @ mixture com-
prising a second ionic liquid, at least one metal compound
containing the M2 ion, a metal compound containing M3, and
the conjunct polymer, and separating the mixture into a
hydrocarbon effluent and an ionic liquid effluent, the hydro-
carbon effluent comprising the conjunct polymer, and the
ionic liquid effluent comprising: the first ionic liquid and the
at least one metal compound containing M1; or the second
ionic liquid, the at least one metal compound containing the
M2 ion, and the metal compound containing M3.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a possible reaction sequence for
Al(CH,);.

FIG. 2 is an illustration of a possible reaction sequence for
LiAlH,.

FIG. 3 illustrates one embodiment of a method for regen-
erating deactivated acidic catalysts containing conjunct poly-
mer according to the present invention.

FIG. 4 illustrates another embodiment a method for regen-
erating deactivated acidic catalysts containing conjunct poly-
mer according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

It has been discovered that deactivated ionic liquid cata-
lysts containing conjunct polymer can be regenerated using a
reagent that reacts at mild conditions. The reagent is either a
metal complex having a general formula M1"*R,, or a metal
complex having a general formula [M2“+]X[M3b+y
R_] (xas— vy The reagent reacts with the conjunct polymer,
and the resulting charge neutral conjunct polymer can be
washed away with a suitable solvent, such as hexane. One
advantage of using these reagents is that no added hydrogen
or elemental metals are needed.

In addition, the mild conditions under which the process
can be performed may result in lower operating costs than
processes requiring harsher conditions. The mild operating
conditions may also result in lower capital costs due to the
ability to use less expensive materials of construction.

In some embodiments, the ionic liquid can be regenerated
without having to remove the reacted metal component in a
subsequent step.

After removal of the conjunct polymer, the composition of
the ionic liquid has been altered relative to its original state. If
the reagent contains the same metal as the ionic liquid, sepa-
ration of the two compounds is not needed. This composition
can be adjusted back to its original composition by the addi-
tion of an ionic liquid component. By ionic liquid component
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we mean a component from which the ionic liquid was
derived. For instance, in the case of [ 1-butyl-3-methylimida-
zolium|[ Al,Cl,], an ionic liquid component could be [1-bu-
tyl-3-methylimidazolium][Cl] since [1-butyl-3-methylimi-
dazolium][Al,Cl,] can be synthesized from [1-butyl-3-
methylimidazolium][Cl] and two equivalents of AICL,.
Alternatively, an ionic liquid component for [1-butyl-3-me-
thylimidazolium][Al,Cl,] could be [1-butyl-3-methylimida-
zolium][AICl,] since  [l-butyl-3-methylimidazolium]
[Al,Cl,] can be synthesized from [1-butyl-3-methylimidazo-
lium][AICl,] and one equivalent of AlCl;.

The reagent is either at least one metal complex having a
general formula M17*R , or at least one metal complex hav-
ing a general formula [M2°*] [M3” TR earo—yyyr M1 1s alu-
minum, gallium, zinc, magnesium, copper, iron, nickel,
cobalt, chromium, boron, lithium, sodium, potassium, or cal-
cium. R has a -1 charge and is independently selected from
substituted and unsubstituted hydrocarbyl groups having
1-10 carbons, hydride, or halides; n is an integer, n+ is the
oxidation state of M1, and n is the number of R groups. M2 is
lithium, sodium, potassium, magnesium, or calcium, and M3
is aluminum, gallium, zinc, magnesium, copper, iron, nickel,
cobalt, chromium or boron; R has a —1 charge and is inde-
pendently selected from substituted and unsubstituted hydro-
carbyl groups having 1-10 carbons, hydride, or halides; a and
b are integers, a+ is the oxidation state of M2, and b+ is the
oxidation state of M3; x is the number of M2 ions, y is the
number of M3 ions, and z is the number of R groups.

The R group has a -1 charge, and is independently selected
from substituted and unsubstituted hydrocarbyl groups hav-
ing 1-10 carbon carbons, hydrides, or halides. Hydrocarbyl
groups include alkyl groups (including cyclic groups), alk-
enyl groups, alkynyl groups, and aromatic groups. The hydro-
carbyl groups can be unsubstituted or substituted with
halides, hydroxides, ethers, amines, thioethers, lactams, and
combinations thereof. Halides include chlorides, bromides,
iodides, fluorides, and combinations thereof.

The number of R groups depends on the formula of the
metal complex and the charge of the metal(s). The R groups
can be same, or they can be different.

Examples of metal complexes having the general formula
M17*R,, include, but are not limited to, trimethylaluminum,
dimethylaluminum chloride, methylaluminum dichloride,
triethylaluminum, diethylaluminum chloride, ethylalumi-
num dichloride, tripropylaluminum, dipropylaluminum chlo-
ride, propylaluminum dichloride, ftriisopropylaluminum,
diisopropylaluminum chloride, isopropylaluminum dichlo-
ride, triisobutylaluminum, diisobutylaluminum chloride,
isobutylaluminum dichloride, trimethylborane, triethylbo-
rane, tri-sec-butylborane, diisobutylaluminum hydride, dim-
ethylalane (Me,AlH), methylalane (MeAlH,), borane, LiH,
NaH, KH, CaH,, MgH,, or combinations thereof. Borane is
BH;, but can dimerize to B,Hg. It can also be stabilized with
a solvent. All of these are intended to be covered by the term
borane. Similarly, the alane-type compounds can also dimer-
ize or oligomerize. All of these forms are intended to be
covered by this usage.

Examples of metal complexes having the general formula
[M2“+]X[M3b+yRZ](m/(z_by)) include, but are not limited to,
LiAlH,, NaAlH,, NaBH,, LiBH, Ca(BH,),, Mg(BH,).,
lithium tri-tert-butoxyaluminum hydride, lithium tris[(3-
ethyl-3-pentyl)oxy]aluminohydride, lithium diisobutyl-tert-
butoxyaluminum hydride, sodium bis(2-methoxyethoxy)alu-
minum  hydride, lithium  triethylborohydride, or
combinations thereof.

The deactivated ionic liquid catalyst containing the con-
junct polymer is contacted with the metal complex having a
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general formula M1”*R , or the metal complex having a gen-
eral formula [M2“+]X[M3b+yRZ] al(o—byy 1 @ regeneration
zone under regeneration conditions. The conjunct polymer
reacts with the metal complex and allows the conjunct poly-
mer to be extracted with a solvent. The mixture is separated
into one or more hydrocarbon effluent(s) and an ionic liquid
effluent. The hydrocarbon effluent comprises the conjunct
polymer, the solvent if one used, and any hydrocarbons
formed. The ionic liquid effluent comprises the ionic liquid
and one or more various metal containing reaction products.

By deactivated ionic liquid catalysts containing conjunct
polymer, we mean ionic liquid catalysts that have been used in
hydrocarbon conversion processes, and in which conjunct
polymers have formed. The conjunct polymer is retained in
the ionic liquid, and it cannot be separated from the ionic
liquid by washing with a solvent. Deactivated ionic liquid
catalysts include partially or completely deactivated ionic
liquid catalysts. By conjunct polymer, we mean the olefinic,
conjugated cyclic hydrocarbons that form as a byproduct of
various hydrocarbon conversion processes, including but not
limited to alkylation, oligomerization, isomerization, dispro-
portionation, and reverse disproportionation.

By ionic liquid, we mean an ionic liquid capable of cata-
lyzing reactions typically carried out with an acid. As known
in the art, acids such as sulfuric acid and hydrofluoric acid are
often used to catalyze these reactions. These reactions
include, e.g. alkylation, oligomerization, isomerization, dis-
proportionation, and reverse disproportionation. Oftentimes,
the ionic liquids employed in these reactions have Hammett
acidity functions (H,) less than 7, or less than 5, or less than
3, or less than 0, or less than -3, or less than -5, or less than
-7, or less than -9. If the ionic liquid does not possess an
acidic proton in its structure (e.g. 1-butyl-3-methylimidazo-
lium heptachloroaluminate), addition of an exogenous acid is
acceptable, provided the Hammett acidity function (H,) of
the added acid is less than 7 within the ionic liquid, or less
than 5, orless than 3, or less than 0, or less than -3, or less than
-5, or less than -7, or less than -9.

Although not wishing to be bound by theory, it is believed
that the contact of the metal complex having a general for-
mula M1"*R, or the metal complex having a general formula
[M2“+]X[M3b+yRZ] (rat(o—byy With the jonic liquid catalyst that
contains conjunct polymer converts the conjunct polymer
into a compound readily extractable with a suitable solvent.
The ionic liquid catalyst and the reacted metal containing
compounds can be separated from the conjunct polymer,
solvent if present, and any hydrocarbons formed. The ionic
liquid catalyst can then be reformed and/or re-activated with
acid, if needed. The reformed and/or reactivated ionic liquid
catalysts can be recycled to a hydrocarbon conversion pro-
cess.

When the metal complex having a general formula M1"*R ,
is used, the reaction mixture comprises an ionic liquid, at least
one metal compound containing M1, and the conjunct poly-
mer. The ionic liquid effluent comprises the ionic liquid and
the metal compound containing M1.

The metal compound containing M1 will depend on the
number and type of R groups in the initial metal complex. The
metal compound containing M1 will have no more than n-1
R groups.

Although not wishing to be bound by theory, it is believed
thatif all of the R groups are hydrocarbyl groups, a protonated
hydrocarbyl group will form, and the metal compound con-
taining M1 will have one less hydrocarbyl group. In some
embodiments, an acid can be added to the ionic liquid effluent
which will protonate another hydrocarbyl group. This can be
repeated until no hydrocarbyl groups remain attached to the
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metal. For example, if trimethylaluminum is used with HCI,
methane will be formed, and the metal compound containing
M1 will be dimethylaluminum chloride. After the addition of
HCI to the dimethylaluminum chloride, methylaluminum
dichloride would be formed, then aluminum trichloride.

Although not wishing to be bound by theory, it is believed
that if all the R groups are hydrides, at least two modes of
operation are possible: 1) hydrogen can be formed from the
reaction of the hydride with an acidic proton, either present on
the conjunct polymer or free in the ionic liquid medium and 2)
by donation of the hydride to the charged conjunct polymer,
resulting in a conjunct polymer that has been reduced by the
addition of the hydride. In both of these scenarios, the metal
compound containing M1 will have one less hydride group.
Thus, there is a net transfer of hydride from M1 complex. In
some embodiments, an acid can be added to the ionic liquid
effluent which will remove another hydride group. This can
be repeated until no hydride groups remain. For example, if
CaH, is used with HCl, the metal compound containing M1
will be CaHCIL. If acid is added to the effluent, CaCl, will be
formed. Although not wishing to be bound by theory, it is
believed that the hydride removed from M1 will either be
released as hydrogen gas or combined with the conjunct
polymer.

When there are mixtures of hydrocarbyl groups and
hydride groups, one hydrocarbyl group or hydride group will
be removed, then additional hydride groups or hydrocarbyl
groups depending on the initial metal complex.

When there are mixtures of hydrocarbyl groups and halide
groups, the hydrocarbyl groups will be removed first.

FIG. 1is an illustration of a possible reaction sequence for
a metal complex having the general formula M1™*R,,. The
metal complex is trimethylaluminum (Al(CH,),), and the
acid is HC1. [BMIM][AL,Cl,] stands for the ionic liquid 1-bu-
tyl-3-methylimidazolium heptachloroaluminate, [BMIM]
[AICL,] stands for the ionic liquid component 1-butyl-3-me-
thylimidazolium tetrachloroaluminate and [BMIM][CI]
stands for the ionic liquid component 1-butyl-3-methylimi-
dazolium chloride. CP stands for conjunct polymer, [CP—H)]
[AIC],] stands for the protonated conjunct polymer and SW
stands for solvent wash.

In this illustration, the deactivated ionic liquid containing
the bound conjunct polymer CP is treated with the (Al(CH,);)
metal complex. The bound conjunct polymer CP and the acid
HCl are in equilibrium with the protonated conjunct polymer
[CP—H][AICL,]. Either the protonated conjunct polymer
chloride [CP—H][AIC],] or the HCl reacts with the AI(CH,),
to form methane (CH,, the protonated methyl group),
Al(CH;),Cl, and the freed conjunct polymer. A solvent wash
SW can be used to help separate the freed conjunct polymer
CP from the ionic liquid. The reaction mixture is separated
into: a hydrocarbon effluent containing the freed conjunct
polymer CP, the methane formed, and the solvent SW: and an
ionic liquid effluent containing the ionic liquid and the
Al(CHj;),Cl. The addition of HCI1 to the ionic liquid effluent
removes the two methyl groups from the Al(CH;),Cl and
replaces them with Cl ions, forming additional methane and
AICl,. Tt is preferred to add the minimal amount of the metal
complex necessary to remove the acid present, [CP—H)]
[AICL,] or HCI in the example above. Ideally, the molar ratio
of the acid:metal complex or conjunct polymer:metal com-
plex (assuming only one acidic proton exists on the conjunct
polymer) would be 3:1 for the use of AlMe;.

If the AICI; is not removed from the ionic liquid, an ionic
liquid component [BMIM][CI] can be added to re-form the
ionic liquid [BMIM][AL,Cl,]. If the AICl; is removed from
the ionic liquid, the addition of the ionic liquid component
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[BMIM][C]] would not be needed. Either approach ulti-
mately regenerates the ionic liquid and brings the composi-
tion of the regenerated ionic liquid back to the composition of
fresh ionic liquid. If a metal complex is used that does not
contain the same metal as the anion in the ionic liquid, then
the regenerated ionic liquid will have a different composition
than fresh ionic liquid, provided not all of the metal complex
was removed in a separation step.

When the metal complex having the general formula
[M2“+]X[M3b+yRZ] (ral(o—byy 18 Used, the mixture comprises an
ionic liquid, at least one compound containing the M2 ion, a
metal compound containing M3, and the conjunct polymer.
The ionic liquid effluent comprises the ionic liquid, the metal
compound containing the M2 ion, and the metal compound
containing M3.

Although not wishing to be bound by theory, it is believed
that if all of the R groups are hydride groups, at least two
modes of operation are possible: 1) hydrogen can be formed
from the reaction of the hydride with an acidic proton, either
present on the conjunct polymer or free in the ionic liquid
medium and 2) by donation of the hydride to the charged
conjunct polymer, resulting in a conjunct polymer that has
been reduced by the addition of the hydride. In both of these
scenarios, the metal compound containing M3 will have one
less hydride group. Thus, there is a net transfer of hydride
from the M3 complex. In some embodiments, an acid can be
added to the ionic liquid effluent which will remove another
hydride group. This can be repeated until no hydride groups
remain. Although not wishing to be bound by theory, it is
believed that the hydride removed from M3 will either be
released as hydrogen gas or combined with the conjunct
polymer.

FIG. 2 is an illustration of a possible reaction sequence for
a metal complex having the general formula [M2%*],
[M3b+yRZ] al(o—byy L he metal complex is lithium aluminum
hydride LiAlH,, the acid is HCI, and the ionic liquid [BMIM]
[ALLCL,].

In this illustration, the deactivated ionic liquid containing
the bound conjunct polymer CP is treated with the LiAlH,
metal complex. Either the protonated conjunct polymer chlo-
ride [CP—H][AIC],] or the HCI reacts with the LiAlH, to
form hydrogen, the Li* ion, AlH,, the freed conjunct polymer,
and [AICL,]. In this example it is assumed that the hydride
reacts with the proton to form hydrogen as discussed above,
but other pathways may be operable. A solvent wash SW can
be used to help separate the freed conjunct polymer CP and
hydrogen from the ionic liquid. The reaction mixture is sepa-
rated into a hydrocarbon effluent containing the freed con-
junct polymer CP, hydrogen and the solvent SW, and an ionic
liquid effluent containing the ionic liquid, AlH,, and the Li*
and [AICL,]. The addition of HCI removes the three hydride
groups from the AlH; and replaces them with Clions, forming
additional hydrogen, and AICl;. The Li* containing com-
pound would then be separated, along with any additional
hydrogen formed.

If the AICl, is not removed from the ionic liquid, an ionic
liquid component [BMIM][C]] can be added to re-form the
ionic liquid [BMIM][AL,Cl,]. If the AICl; is removed from
the ionic liquid, the addition of the ionic liquid component
[BMIM][CI] would not be needed.

In some embodiments, the deactivated ionic liquid catalyst
containing the conjunct polymer is contacted with the metal
complex having the general formula M1"*R,, or the metal
complex having the general formula [M2“+]X[M3b+y
R, ] xasz—syy 10 the presence of a solvent which is immiscible
with the ionic liquid (both the deactivated ionic liquid and the
ionic liquid formed). In this situation, two phases will result:

15

20

35

40

45

50

55

60

8

one containing the formed ionic liquid and the reacted metal
containing compounds, and the other containing the released
conjunct polymer, the solvent, and any hydrocarbons formed.

The conjunct polymer can be removed from the solvent, if
desired. The conjunct polymer can be disposed of or blended
into an appropriate refinery stream, such as gasoline, diesel,
heavy naphtha, atmospheric gas oil, or vacuum gas oil, and
the solvent can be recycled. Alternatively, if the conjunct
polymer and solvent can be blended into a suitable refinery
stream, no separation would be needed.

In other embodiments, the solvent immiscible with the
ionic liquid is added after the contacting step in order to
separate the conjunct polymer from the ionic liquid.

The deactivated ionic liquid catalyst and the metal complex
having the general formula M1”*R, or the metal complex
having the general formula [M2%*] [M3%* R_] (eal(o—by)) ATE
contacted for a period of time sufficient to allow the conjunct
polymer to react with the metal complex having the general
formula M1”*R,, or the metal complex having the general
formula [M2“+]X[M3b+yRZ] (rat(o—pyy Lhis will typically take
in the range of about 10 min to about 48 hr, or about 10 min to
about 24 hr, or about 10 min to about 15 hr, or about 10 min
to about 10 hr, or about 1 hr to about 10 hr, or about 3 hr to
about 7 hr, or about 4 hr to about 5 hr.

The contacting typically takes place at a temperature in the
range of from about —20° C. to the decomposition tempera-
ture of the ionic liquid catalysts. A typical temperature range
is about —20° C. to about 200° C., or about 20° C. to about
150° C., or about 20° C. to about 125° C., or about 20° C. to
about 100° C., or about 20° C. to about 75° C., orabout 20° C.
to about 50° C., or about 50° C. to about 175° C., or about 75°
C. to about 175° C., or about 100° C. to about 175° C., or
about 125° C. to about 175° C. In some embodiments, the
mixture is heated. When inorganic metal hydrides are used,
the temperature will typically be in the range of about 20° C.
to about 50° C., or about 25° C. to about 45° C.

The pressure is typically in a range of about 10 kPa(a) to
about 13.8 MPa(a), or 10 kPa(a) to about 5.5 MPa(a), or 101
kPa(a) to about 10.1 MPa(a), or about 689 kPa(a) to about 5.5
MPa(a). The pressure is typically determined by the vapor
pressure of the solvent used (typically the vapor pressure of
the solvent at the reaction temperature).

The amount of metal complex to be added depends on the
amount of conjunct polymer present in the deactivated ionic
liquid. The amount of metal complex added will need to be
enough to react with all of the conjunct polymer. For example,
if there is one reactive group present in the metal complex
(e.g., LiH), and there are 10 equivalents of conjunct polymer
present, each having one acidic proton, at least 10 equivalents
of the metal complex will be needed to fully neutralize the
system. If there are multiple reactive groups present (e.g.,
Al(CH;);), then less metal complex would be needed. In
some embodiments for the metal complex M1”*R , the ratio
of metal complex to be added would be at least n*[CP]:M1"*
R,. In some embodiments for the metal complex [M2%*],
[M3b+yRZ] (a/(—byy)» the ratio of metal complex to be added
would be at least (zxa/(z-by))*[CP]: [M2“+]X[M3b+y
R, ] easz—tyy) 10 Tully neutralize the system.

The contacting can take place in any suitable process, such
as solvent extraction, or contacting in one or more mixer/
settlers.

The reaction will proceed simply by contacting the metal
complex having the general formula M1™*R,, or the metal
complex having the general formula [M2“+]X[M3b+y
R_ ] eas(z—1yy) With the ionic liquid catalyst. However, the con-
tact between the metal complex having the general formula
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MI17*R,, or the metal complex having the general formula
[M27+], [M3°® " R xatz— by @nd the ionic liquid catalyst can
be increased by mixing.

The contacting step may be practiced in laboratory scale
experiments through full scale commercial operations. The
process may be operated in batch, continuous, or semi-con-
tinuous mode. The contacting step can take place in various
ways, with both countercurrent and co-current flow processes
being suitable.

After contacting the ionic liquid catalyst, the metal com-
plex having the general formula M1™*R,, or the metal com-
plex having the general formula [M2“+]X[M3b+yRZ] (el
and the immiscible solvent (if present), two phases result, a
catalyst phase containing the ionic liquid catalyst and one or
more metal containing reaction products and an organic phase
containing the conjunct polymer, any hydrocarbon products
formed, and the immiscible solvent (if present). In some
embodiments, the phases will separate due to the density
difference between the two phases. In other embodiments,
other separation processes may be needed. In some embodi-
ments, the conjunct polymer can be decanted away. Decant-
ing can be suitable if there is enough conjunct polymer
present and it separates from the ionic liquid catalyst and
other reaction products.

If the immiscible solvent is not included in the contacting
step, it can be added to separate the conjunct polymer from the
ionic liquid and other reaction products.

After separation of the conjunct polymer from the ionic
liquid and other metal containing reaction products, the ionic
liquid can be re-formed and recycled to a hydrocarbon con-
version process. Re-forming the original ionic liquid involves
adding an ionic liquid component (assuming the AICl, for
example has not been removed in which case this step would
notbeneeded). The reaction with the metal complex will alter
the composition of the resulting ionic liquid as a result of this
addition of the metal complex. This can be rebalanced by the
addition of an appropriate ionic liquid component, as
described above. For example, if the ionic liquid containing
the conjunct polymer is [BMIM][A1,Cl.], and the metal com-
plex is AlMe,, after the reaction, the ionic liquid will contain
additional AICl, and the molar ratio of [BMIM]:Al will have
been altered relative to the original molar ratio. The addition
of the ionic liquid component [BMIM][CI] will reform the
molar ratio of [BMIM]: Al back to its original value.

Depending on the conditions required for the hydrocarbon
conversion process, an acid additive can be added, if needed.
Suitable acids and acid precursors include, but are not limited
to, HCl, tert-butyl chloride, or 2-chlorobutane. The acid pre-
cursor can be any molecule that will break down to form the
acid.

In one embodiment, the regeneration process is a solvent
extraction process. In the solvent extraction method, a solvent
and the metal complex having the general formula M1™*R,, or
the metal complex having the general formula [M2%"].
[M3b+y R_] ea/o—yyy are added to the deactivated ionic liquid
catalyst containing the conjunct polymer or vice versa. The
solvent and the metal complex can be pre-mixed and added
together, or they can be added separately, either at the same
time or sequentially.

The deactivated ionic liquid catalyst, the solvent, and the
metal complex are contacted long enough for the conjunct
polymer to react with the metal complex having the general
formula M1"*R,, or the metal complex having the general
formula [M2“+]X[M3b+yRZ] (ealo—tyyy 1€ deactivated ionic
liquid catalyst, the solvent, and the metal complex are typi-
cally mixed while being contacted.
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The mixture is then allowed to separate into two phases: an
ionic liquid phase with metal containing reaction products
and a hydrocarbon phase with the conjunct polymer, any
hydrocarbon reaction products, and the solvent. In some
embodiments, separation occurs due to the density difference
between the ionic liquid phase and the hydrocarbon phase.

The hydrocarbon layer is decanted from the ionic liquid.
Theionic liquid can be further washed with solvent (either the
same solvent used in the extraction or a different one), if
desired. As the reaction occurs, the conjunct polymer is
extracted into the solvent layer.

The ionic liquid can be any ionic liquid. There can be one
or more ionic liquids. The ionic liquid comprises an organic
cation and an anion. Suitable cations include, but are not
limited to, nitrogen-containing cations and phosphorus-con-
taining cations. Suitable organic cations include, but are not
limited to:

R®
3 R¢ RS
R / RS RI0
| 4 -
R4—N*—R2 N*
| Q
1 N
R / <
N R
RIS
RY RIS R20
x
| RI9— I:’*—RZI
RI3 I\|1+/ Rl RIS
R12

where R'-R?! are independently selected from C,-C,,, hydro-
carbons, C,-C,, hydrocarbon derivatives, halogens, and H,
and lactamium ionic liquids. Suitable hydrocarbons and
hydrocarbon derivatives include saturated and unsaturated
hydrocarbons, halogen substituted and partially substituted
hydrocarbons and mixtures thereof. C,-Cg hydrocarbons are
particularly suitable.

Lactamium ionic liquids include, but are not limited to,
those described in U.S. Pat. No. 8,709,236, U.S. application
Ser. No. 14/271,308, entitled Synthesis of Lactam Based
Ionic Liquids, filed May 6, 2014, and U.S. application Ser.
No. 14/271,319, entitled Synthesis of N-Derivatized Lactam
Based Ionic Liquids, filed May 6, 2014, which are incorpo-
rated by reference.

The anion can be derived from halides, sulfates, bisulfates,
nitrates, sulfonates, fluoroalkanesulfonates, halometallates
and combinations thereof. The anionis typically derived from
metal and nonmetal halides, such as metal and nonmetal
chlorides, bromides, iodides, fluorides, or combinations
thereof. Combinations of anions include, but are not limited
to, mixtures of two or more metal halides (e.g., AIC,” and
BF,7), and mixtures of two or more halides with a single
metal (e.g., AIC1;Br7). In some embodiments, the metal is
aluminum, with the mole fraction of aluminum ranging from
0<AI<0.25 in the anion. Suitable anions include, but are not
limited to, AICl,~, Al,Cl,~, Al,Cl,,~, AICL;Br~, Al,ClBr-,
AlL,Cl,Br~, AlBr,”, Al,Br,”, Al;Br,,~, GaCl,~, Ga,Cl,7,

Ga,Cl,,", GaCl;Br, Ga,Cl;Br-, Ga,ClBr-, CuCl,,
Cu,Cl;7, CuyCl,~, ZnCly7, FeCly™, FeCl,”, Fe;Cl,~, PF,
and BF,~.

In some embodiments, the anion is a halometallate. The
halometallate anion can be metal chlorides, bromides,
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iodides, fluorides, or combinations thereof. Suitable metalsin
the halometallate include, but are not limited to, aluminum,
iron, coppet, zinc, and gallium. Examples of suitable halom-
etallates include, but are not limited to, AlLX,”, AlX,,
AlX, 7, where X is independently selected from the group
consisting of F, Cl, Br, and 1.

The immiscible solvent will depend on the ionic liquid
catalysts being regenerated. The solvent can be any solvent
which is capable of forming a separate phase from the ionic
liquid catalyst phase (both the deactivated ionic liquid and the
formed ionic liquid). There can be one or more solvents.
Suitable solvents include, but are not limited to, n-paraffins,
isoparaffins, and cyclic paraffins, such as C, to C,, n-parat-
fins, isoparaffins, and cyclic paraffins, and aromatic solvents.
Examples of suitable solvents include, but are not limited to,
propane, n-butane, isobutane, n-pentane, isopentane, n-hex-
ane, isohexane, methylcyclohexane, cyclohexane, methylcy-
clopentane, n-paraffins, isoparaffins, naphthenes, and aro-
matics or combinations thereof.

FIG. 3 illustrates one embodiment of the process 100. For
ease of description, the process will be described using trim-
ethylaluminum in the presence of 1-butyl-3-methylimidazo-
lium heptachloroaluminate ([BMIM][A1,Cl,]) ionic liquid,
using HCl as the acid.

The trimethylaluminum 105, the solvent 110, and the ionic
liquid containing the conjunct polymer 115 are introduced
into regeneration zone 120 where they are contacted. The
mixture can be stirred using a mixer 125, if desired. The
deactivated ionic liquid catalyst containing the conjunct poly-
mer 115 reacts with the trimethylaluminum 105, and the
conjunct polymer is easily transferred to the organic phase.

The mixture 130 is sent to a settler 135, where phase
separation occurs. The heavier ionic liquid catalyst phase 140
containing the ionic liquid and dimethylaluminum chloride
settles to the bottom below the lighter hydrocarbon phase 145
containing the conjunct polymer, and the solvent. There may
be a gas and/or vapor phase 150 which can be removed in
stream 155 and further processed, if desired. In this example,
methane forms. The gas and/or vapor phase 150 can contain
one or more of solvent, methane, nitrogen, and HCI (or other
acids if a source of the other acid was used).

A stream 160 of the hydrocarbon phase 145 is sent to a
separation zone 165 where the solvent 170 is separated from
the conjunct polymer 175. The solvent 170 can be recycled to
the regeneration zone 120. The conjunct polymer 175 can be
recovered for blending into a suitable refinery stream or other
use.

A stream 180 of the ionic liquid catalyst phase 140 con-
taining the ionic liquid and the dimethylaluminum chloride
can be sent to a reaction zone 185. An acid, HCI, 190 can be
added to the stream 180 of the ionic liquid catalyst phase 140
in the reaction zone 185. The dimethylaluminum chloride
reacts with the acid 190 forming aluminum chloride 195,
which can be recovered in some embodiments, ionic liquid
200, and methane. If the aluminum chloride 195 is removed,
then ionic liquid 200 can be recycled to a hydrocarbon con-
version process (not shown), such as alkylation, isomeriza-
tion, disproportionation, reverse disproportionation, and oli-
gomerization.

If'the aluminum chloride was not been removed in the prior
step, the ionic liquid 200 is sent to an ionic liquid recovery
zone 205 where an ionic liquid component 210 is added to
re-form the original ionic liquid. The reformed ionic liquid
215 can then be recycled to the hydrocarbon conversion pro-
cess (not shown).

10

15

20

25

30

35

40

45

50

55

60

12

FIG. 4 illustrates another embodiment of the process 300.
This process will be described using the inorganic metal
hydride lithium aluminum hydride.

Deactivated ionic liquid catalyst containing conjunct poly-
mer 305 is introduced into an optional acid stripper 310 where
any free acid 312 is stripped from the deactivated ionic liquid
catalyst containing conjunct polymer 305.

The stripped deactivated ionic liquid catalyst containing
conjunct polymer 315 is sent to a reactive extraction zone
320. Lithium aluminum hydride, 325 is contacted with the
stripped deactivated ionic liquid catalyst containing conjunct
polymer 315 and an extraction solvent 330 in the reactive
extraction zone 320.

The lithium aluminum hydride reacts with the conjunct
polymer releasing the conjunct polymer and forming com-
pounds containing [i and Al. The reaction mixture is sepa-
rated into a stream 335 comprising the ionic liquid and the
compounds containing [.i and Al and a stream 340 compris-
ing the conjunct polymer and solvent.

The stream 335 comprising the ionic liquid and the com-
pounds containing Li and Al is sent to a separation zone 345
where the ionic liquid 350 is separated from the Li containing
compound 355. The Li containing compound 355 can be
recovered and further processed, if desired.

The ionic liquid 350 may still contain some residual Al
containing compounds with unreacted R groups. Addition of
an acid (HCI) can remove these remaining R groups forming
hydrogen and aluminum chloride. If the composition of the
resulting ionic liquid is significantly different than the origi-
nal ionic liquid, an ionic liquid component can be added to
bring the composition back to the original composition. The
resulting ionic liquid can be reactivated by adding an acid
(HCI) or acid precursor 360. The reactivated ionic liquid can
berecycled to a hydrocarbon conversion process (not shown),
or optionally an ionic liquid component can be added prior to
recycling to a hydrocarbon conversion process.

The stream 340 comprising the conjunct polymer and sol-
vent is sent to a separation zone 365 where the solvent 370 is
separated from the conjunct polymer 375. The solvent 370
can be recycled to the reactive extraction zone 320. The
conjunct polymer 375 can be recovered for blending into a
suitable refinery stream or other use.

EXAMPLES

0.17 g NaAlH, was mixed with 10 g of spent tributylhexy-
Iphosphonium  heptachloroaluminate  ([TBHP][AL,Cl.])
ionic liquid containing 0.616 g conjunct polymer in the pres-
ence of 10 g of toluene for 40 min. at 23° C. Hexane was
added to extract any organics. Hydrolysis of the regenerated
ionic liquid showed that 90% of the conjunct polymer was
removed.

0.27 g LiH was mixed with 10 g of spent [TBHP][AL,Cl,]
ionic liquid containing 0.616 g conjunct polymer in the pres-
ence of 10 g of n-hexane and heated to 45° C. for 1.5 hr while
stirring. Hydrolysis of the regenerated ionic liquid showed
that 93% of the conjunct polymer was removed.

While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description of the invention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a conve-
nient road map for implementing an exemplary embodiment
of the invention. It being understood that various changes
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may be made in the function and arrangement of elements
described in an exemplary embodiment without departing
from the scope of the invention as set forth in the appended
claims.

What is claimed:

1. A method for regenerating deactivated ionic liquid cata-
lyst containing conjunct polymer comprising:

contacting the deactivated ionic liquid catalyst containing

the conjunct polymer in a regeneration zone under
regeneration conditions with either:

at least one metal complex having a general formula M1+

R,, where M1 is aluminum, gallium, zinc, magnesium,
copper, iron, nickel, cobalt, chromium, boron, lithium,
sodium, potassium, or calcium; R has a -1 charge and is
independently selected from substituted and unsubsti-
tuted hydrocarbyl groups having 1-10 carbons, hydride,
or halides, and n™ is the oxidation state of M1, the con-
junct polymer reacting with the at least one metal com-
plex having a general formula M1™R,, resulting in a
reaction mixture comprising a first ionic liquid, at least
one metal compound containing M1, and the conjunct
polymer; or

at least one metal complex having a general formula

M2 IM3”* R_] (rasesyy» Where M2 is lithjum,
sodium, potassium, magnesium, or calcium, M3 is alu-
minum, gallium, zinc, copper, iron, nickel, cobalt, chro-
mium or boron, R has a -1 charge and is independently
selected from substituted and unsubstituted hydrocarbyl
groups having 1-10 carbons, hydride, or halides, a* is the
oxidation state of M2, b* is the oxidation state of M3, x
is the number of M2 ions, y is the number of M3, and z
is the number of R groups, the conjunct polymer reacting
with the at least one metal complex having the general
formula [M2“+]X[M3b+yRZ] (val(o—byy) FESULLING in a mix-
ture comprising a second ionic liquid, at least one metal
compound containing the M2 ion, a metal compound
containing M3, and the conjunct polymer;

and

separating the mixture into a hydrocarbon effluent and an

ionic liquid effluent, the hydrocarbon effluent compris-
ing the conjunct polymer, and the ionic liquid effluent
comprising: the first ionic liquid and the at least one
metal compound containing M1; or the second ionic
liquid, the at least one metal compound containing the
M2 ion, and the metal compound containing M3.

2. The method of claim 1 wherein the deactivated ionic
liquid catalyst containing the conjunct polymer is contacted
with the at least one metal complex having the general for-
mula M1"*R,, wherein at least one R is the hydrocarbyl
group, and wherein the conjunct polymer reacts with the at
least one metal complex having the general formula M17*R
resulting in the mixture comprising the first ionic liquid, a
protonated hydrocarbyl group, the at least one metal com-
pound containing M 1, and the conjunct polymer; and wherein
the hydrocarbon effluent further comprises the protonated
hydrocarbyl group, and further comprising:

adding an acid to the ionic liquid effluent resulting in a third

ionic liquid.

3. The method of claim 2 further comprising adding an
ionic liquid component to the third ionic liquid resulting in an
fourth ionic liquid.

4. The method of claim 3 further comprising recycling the
fourth ionic liquid catalyst to a hydrocarbon conversion pro-
cess.

5. The method of claim 2 wherein at least one R is the
halide.
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6. The method of claim 1 wherein the deactivated ionic
liquid catalyst containing the conjunct polymer is contacted
with the at least one metal complex having the general for-
mula M1™R,,, wherein at least one R is the hydride, and
wherein the conjunct polymer reacts with the at least one
metal complex having the general formula M1”*R , resulting
in the mixture comprising the first ionic liquid, the at least one
metal compound containing M1, and the conjunct polymer;
and further comprising:

adding an acid to the ionic liquid effluent resulting in a fifth

ionic liquid.

7. The method of claim 6 further comprising adding an
ionic liquid component to the fifth ionic liquid to form a sixth
ionic liquid.

8. The method of claim 7 further comprising recycling the
sixth ionic liquid catalyst to a hydrocarbon conversion pro-
cess.

9. The method of claim 1 wherein the deactivated ionic
liquid catalyst containing the conjunct polymer is contacted
with the at least one metal complex having the general for-
mula [M2“+]X[M3b+yRZ](m/(z_by)), wherein at least one R is
the hydrocarbyl group, the conjunct polymer reacting with
the at least one metal complex having the general formula
[M2“+]X[M3b+yRZ] (rat(o—byy» TeSUlting in the mixture com-
prising the second ionic liquid, a second protonated hydro-
carbyl group, the at least one metal compound containing the
M2 ion, the metal compound containing M3, and the conjunct
polymer; and wherein the ionic liquid effluent comprises the
second ionic liquid, the at least one metal compound contain-
ing the M2 ion, and the metal compound containing M3, and
further comprising:

removing the at least one metal compound containing the

M2 ion from the second ionic liquid.

10. The process of claim 9 further comprising:

recycling the second ionic liquid to a hydrocarbon conver-

sion process; and

optionally adding an acid to the second ionic liquid before

recycling the second ionic liquid.

11. The method of claim 1 wherein the deactivated ionic
liquid catalyst containing the conjunct polymer is contacted
with the at least one metal complex having the general for-
mula [M2“+]X[M3b+yRZ](m/(z_by)), wherein at least one R is
the hydride, the conjunct polymer reacting with the at least
one metal complex having the general formula [M2%*],
[M3b+y R, ] xa/z—1y) Tesulting in the mixture comprising the
second ionic liquid, the at least one metal compound contain-
ing the M2 ion, the at least one metal compound containing
M3, hydrogen, and the conjunct polymer; and wherein the
ionic liquid effluent comprises the second ionic liquid, the at
least one metal compound containing the M2 ion, and the
metal compound containing M3, and further comprising:

removing the at least one metal compound containing the

M2 ion from the second ionic liquid;

adding an acid to the second ionic liquid resulting in a

seventh ionic liquid catalyst.

12. The method of claim 11 further comprising adding an
ionic liquid component to the seventh ionic liquid resulting in
an eighth ionic liquid.

13. The method of claim 12 further comprising recycling
the eighth ionic liquid catalyst to a hydrocarbon conversion
process.

14. The method of claim 1 wherein contacting the deacti-
vated ionic liquid catalyst containing the conjunct polymer
with the at least one metal complex having a general formula
M1"*R,, or the at least one metal complex having a general
formula [M2“+]X[M3b+yRZ] al(o—byy takes place in the pres-
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ence of a solvent immiscible in the deactivated ionic liquid
catalyst, and the first or second ionic liquid.

15. The method of claim 14 further comprising;

separating the hydrocarbon effluent into a solvent stream

and a conjunct polymer stream; and

optionally recycling the solvent stream to the regeneration

zone.

16. The method of claim 14 wherein the solvent comprises
a paraffin having up to 10 carbon atoms, naphthenes, an
aromatic, or combinations thereof.

17. The method of claim 1 wherein the at least one metal
complex having the general formula M1”*R,,, comprises tri-
methylaluminum, dimethylaluminum chloride, methylalu-
minum dichloride, triethylaluminum, diethylaluminum chlo-
ride, ethylaluminum dichloride, tripropylaluminum,
dipropylaluminum chloride, propylaluminum dichloride, tri-
isopropylaluminum, diisopropylaluminum chloride, isopro-
pylaluminum dichloride, triisobutylaluminum, diisobutyla-
luminum chloride, isobutylaluminum dichloride,
trimethylborane, triethylborane, tri-sec-butylborane diisobu-
tylaluminum hydride, dimethylalane (Me,AlH), methylalane
(MeAlH,), borane, LiH, NaH, KH, CaH,, MgH,, or combi-
nations thereof, or wherein the at least one metal complex
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having the general formula [M2°*] [M3°* R.] (el (r—yyy COM-
prises LiAlH,, NaAlH,, NaBH,, LiBH, Ca(BH,),,
Mg(BH,),, lithium tri-tert-butoxyaluminum hydride, lithium
tris[(3-ethyl-3-pentyl)oxy]aluminohydride, lithium diisobu-
tyl-tert-butoxyaluminum hydride, sodium bis(2-methoxy-
ethoxy)aluminum hydride, lithium triethylborohydride, or
combinations thereof.

18. The method of claim 1 wherein the regeneration con-
ditions include at least one of a temperature in a range of from
about -20° C. to about 200° C., a contact time of between
about 10 minutes and about 48 hours, and a pressure in arange
of'about 10 kPa (1 atm) to about 10.1 MPa (100 atm).

19. The process of claim 1 wherein the ionic liquid com-
prises at least one of an imidazolium ionic liquid, a pyri-
dinium ionic liquid, a phosphonium ionic liquid, a lactamium
ionic liquid, an ammonium ionic liquid, a pyrrolidinium ionic
liquid.

20. The process of claim 1 wherein an anion of the ionic
liquid comprises a halide, a sulfate, a bisulfate, a nitrate, a
sulfonate, a fluoroalkanesulfonate, halometallates, or combi-
nations thereof.



